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( 57 ) ABSTRACT 
Amethod of manufacturing flexible display is disclosed . The 
method includes the steps of : providing a substrate , wherein 
the substrate includes a display area and a bending area ; 
forming an inorganic layer on the substrate ; etching the 
inorganic layer of the bending area of the substrate , and 
replacing the inorganic layer with a first organic layer ; 
forming a metal wiring layer on the first organic layer ; 
patterning the metal wiring layer ; and forming a second 
organic layer on the metal wiring layer . By utilizing the 
method of manufacturing flexible display , the risk of metal 
wiring peeling and cracking during the bending process of 
the flexible display is reduced . 

14 Claims , 8 Drawing Sheets 

4 

. : 15 5 1 41 hast 
694846 + 14416 UW6314 Paper ???????????? ???? . ??? : ??? . ?????? 12.44.99 L ????? ??? . ??? will 1919 Walauti 

. : + 1 : + **** t 

schiuri 
www.ro watch to ... ** 

?? 

****** 76459AATACHM ** est lity bition 1 : 09 : 47 : 17 
) 

?????? ???????? ??? ?????????? ????? ha 
1. in 

... th med fokus eine in 
the third tibi 

0948 www.itis ?? ? ??? 

?? ?? ? 

TURCIN itsaction 
????????? : ; g ??? ??? . ????? ??????????????? *** 

oping 

with his 
M ! ***** Viesit 

lift ***** ************ ALE 
tituen 

trument Art.172 < ta ???? 
Wypogripitur : 

avras 

3167 

mini 
AI1 < 9945069170177 sittw.ita Harrett mine 

2 



US 11,309,378 B2 
Page 2 

( 56 ) References Cited 

U.S. PATENT DOCUMENTS 

2019/0363153 A1 * 11/2019 Matsui 
2019/0363154 A1 * 11/2019 Kaneko 
2020/0013970 A1 * 1/2020 Wang 
2020/0150725 A1 * 5/2020 Saitoh 
2020/0341516 A1 * 10/2020 Huang 

HO5B 33/02 
HOIL 51/003 
HO1L 27/3276 
HOIL 51/0097 
G06F 1/1637 

FOREIGN PATENT DOCUMENTS 

CN 
CN 

109449163 A 
109494314 A 
109671354 A 

3/2019 
3/2019 
4/2019 

* cited by examiner 



U.S. Patent Apr. 19 , 2022 Sheet 1 of 8 US 11,309,378 B2 

FIG . 1 



U.S. Patent Apr. 19 , 2022 Sheet 2 of 8 US 11,309,378 B2 

M 

providing a substrate 
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etching the inorganic layer of the bending area 
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CROSS REFERENCE TO RELATED 
APPLICATIONS In view of this , the present disclosure provides a method 

of manufacturing flexible display to reduce the risk of metal 
wiring peeling and cracking in a bending area of a panel . The present application claims priority to Chinese Patent 

Application No. 201911050418.2 , entitled “ METHOD OF In order to achieve the aforementioned object of the 
MANUFACTURING FLEXIBLE DISPLAY ” , and filed present disclosure , the present disclosure provides a method 
Oct. 31 , 2019 , the entire disclosure of which is incorporated of manufacturing flexible display , comprising the following 
herein by reference . steps : 

providing a substrate , including coating polyimide solu 
tion on a glass and curing the polyimide solution to obtain FIELD OF INVENTION a polyimide film , wherein the substrate includes a display 
area and a bending area ; 

The present disclosure relates to a method of manufac forming an inorganic layer on the substrate ; 
turing flexible display , and more particularly , to a method of etching the inorganic layer of the bending area of the manufacturing a bending area of a flexible display . substrate , and replacing the inorganic layer with a first 

20 organic layer ; 
BACKGROUND OF INVENTION forming a metal wiring layer on the first organic layer ; 

patterning the metal wiring layer ; and 
Active matrix organic light - emitting diode ( AMOLED ) forming a second organic layer on the metal wiring layer . 

panels use independent thin - film transistors to control each In one embodiment of the present disclosure , the metal 
pixel , so that each pixel can be continuously and indepen- 25 wiring layer includes at least one protruding portion , and the 
dently driven to emit light . The driving method includes the protruding portion is protrudingly disposed in the second 
use of low temperature polysilicon or oxide thin film tran- organic layer . 
sistors . Accordingly , the advantages thereof include low In one embodiment of the present disclosure , the protrud 
driving voltages and long service lifespan of the light- ing portion of the metal wiring layer is circular , oval , 
emitting units . rectangular , square , or rhombic . 

Compared with the traditional light - emitting diode ( LCD ) In one embodiment of the present disclosure , material of 
panels , the AMOLED panels have the characteristics of fast the first organic layer is selected from polyimide . 
response times , high contrast , and wide viewing angles , etc. In one embodiment of the present disclosure , material of 
In addition , the AMOLED panels also have the character- the second organic layer is selected from polyimide . 
istics of self - luminance . That is , backlight modules can be In one embodiment of the present disclosure , a thickness 
omitted in the AMOLED panels . Thus , the AMOLED panels of the first organic layer ranges from 1 to 10 um . 
are thinner than the traditional LCD panels , and the cost of In one embodiment of the present disclosure , a thickness 
the backlight modules can be saved . of the second organic layer ranges from 1 to 10 um . 

Full screen display smartphones have become the current 40 In order to achieve the aforementioned object of the 
development trend of mobile phones . Increasing the screen- present disclosure , another embodiment of the present dis 
to - body ratios of mobile phones has become a research closure provides a method of manufacturing flexible display , 
hotspot for various display manufacturers . For the flexible comprising the following steps : 
AMOLED displays , the panel bending technology can effec- providing a substrate , wherein the substrate includes a 
tively reduce the bottom bezels of the mobile phones , so as 45 display area and a bending area ; 
to increase the screen - to - body ratios of the mobile phones , forming an inorganic layer on the substrate ; 
and is the mainstream of the technologies currently applied . etching the inorganic layer of the bending area of the 

substrate , and replacing the inorganic layer with a first 
organic layer ; Technical Problems forming a metal wiring layer on the first organic layer ; 

patterning the metal wiring layer ; and 
FIG . 1 is a schematic view of an AMOLED panel , forming a second organic layer on the metal wiring layer . including a display area A1 and a bending area B1 . The In one embodiment of the present disclosure , the metal formation of the bending area of the AMOLED panel can wiring layer includes at least one protruding portion , and the 

reduce the bottom bezel of the panel . Since the AMOLED 55 protruding portion is protrudingly disposed in the second panel is provided with metal wires in the bending area , the organic layer . 
metal wires may be broken due to excessive stress generated In one embodiment of the present disclosure , the protrud during the bending process , so that the signals of the flexible ing portion of the metal wiring layer is circular , oval , 
printed circuit board and the driver IC cannot be transmitted rectangular , square , or rhombic . to the display area , resulting in failure of a part of the display In one embodiment of the present disclosure , material of area . In addition , the panel bending process belongs to a the first organic layer is selected from polyimide . back - end manufacturing process of the module . The front In one embodiment of the present disclosure , material of end processing may be in vain if the problem occurs to the the second organic layer is selected from polyimide . back - end manufacturing process . In one embodiment of the present disclosure , a thickness 

Accordingly , it is necessary to provide a method of 65 of the first organic layer ranges from 1 to 10 um . 
manufacturing flexible display to solve the problems exist- In one embodiment of the present disclosure , a thickness 
ing in the prior art . of the second organic layer ranges from 1 to 10 um . 
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Another embodiment of the present disclosure provides a zontal ” , “ lateral ” , " vertical " , " longitudinal ” , “ axial ” , 
flexible display having a display area and a bending area , the “ radial ” , “ uppermost " or " lowermost ” , etc. , are only direc 
bending area comprising : tions by referring to the accompanying drawings . Thus , the 

a substrate ; used directional terms are used to describe and understand 
a first organic layer disposed on the substrate ; 5 the present disclosure , but the present disclosure is not 
a metal wiring layer disposed on the first organic layer ; limited thereto . 

and Please refer to FIG . 2. A method of manufacturing flexible 
a second organic layer disposed on the metal wiring layer . display according to an embodiment of the present disclo 
In one embodiment of the present disclosure , the metal sure comprises the following steps : 

wiring layer includes at least one protruding portion , and the 10 $ 10 : providing a substrate , wherein the substrate includes 
protruding portion is protrudingly disposed in the second a display area and a bending area . Specifically , in the step , 
organic layer . the method includes coating polyimide solution on a glass 

and curing the polyimide solution to obtain a polyimide film . 
Beneficial Effect S20 : forming an inorganic layer on the substrate ; 

S30 : etching the inorganic layer of the bending area of the 
Compared with the prior art , by using the organic layer substrate , and replacing the inorganic layer with a first 

instead of the inorganic layer , the hardness of the bending organic layer . Specifically , material of the first organic layer 
area is decreased , the stress during the bending process is is selected from polyimide . A thickness of the first organic 
reduced , and the metal wiring layer may be protected by the layer ranges from 1 to 10 um . Alternatively , the thickness of 
second organic layer . In addition , a portion of the patterned 20 the first organic layer ranges from 1 to 9 um , 1 to 8 um , 1 
metal wiring layer protruding from other portions of the to 7 um , 1 to 6 um , 1 to 5 um , 1 to 4 um , or 1 to 3 um . Since 
patterned metal wiring layer increases the contact area with the material of the organic layer is softer than that of the 
the second organic layer , thereby reducing the risk of metal inorganic layer , the overall hardness of the bending area can 
wiring peeling and cracking during the bending process . be reduced by replacing the inorganic layer with the organic 

25 layer , so as to reduce the stress during the bending process . 
DESCRIPTION OF DRAWINGS S40 : forming a metal wiring layer on the first organic 

layer ; 
In order to more clearly illustrate the technical solutions S50 : patterning the metal wiring layer . Specifically , the 

in the embodiments or the prior art , the following drawings , metal wiring layer includes a plurality of metal wires , and 
which are intended to be used in the description of the 30 each metal wire corresponds to a corresponding signal to 
embodiments or the prior art , will be briefly described . It is transmit a signal . The metal wiring layer may be formed 
obvious that the drawings and the following description are with at least one protruding portion by etching , and the 
only some embodiments of the present disclosure . Those of protruding portion is protrudingly disposed in the second 
ordinary skill in the art may , without creative efforts , derive organic layer to increase a contact area with the second 
other drawings from these drawings . 35 organic layer , thereby reducing the risk of metal wiring 
FIG . 1 is a schematic view of a bent flexible AMOLED peeling and cracking . Alternatively , the protruding portion 

panel in the prior art . of the metal wiring layer is circular , oval , rectangular , 
FIG . 2 is flow - chart of a method of manufacturing flexible square , or rhombic . 

display according to an embodiment of the present disclo- S60 : forming a second organic layer on the metal wiring 
40 layer for protecting the metal wiring layer . Specifically , 

FIG . 3 is a schematic view of a flexible display according material of the second organic layer is selected from poly 
to an embodiment of the present disclosure . imide . A thickness of the second organic layer ranges from 
FIG . 4A is a schematic view of a bending area of a flexible 1 to 10 um . Alternatively , the thickness of the second organic 

display according to an embodiment of the present disclo- layer ranges from 1 to 9 um , 1 to 8 um , 1 to 7 um , 1 to 6 um , 
45 1 to 5 um , 1 to 4 um , or 1 to 3 um . 

FIG . 4B is a schematic view of a display area of a flexible Please refer to FIG . 3. The present disclosure further 
display according to an embodiment of the present disclo- provides a flexible display 100 manufactured by using the 

method mentioned above . The flexible display 100 includes 
FIG . 5 is a schematic view of a protruding portion of a a display area A and a bending area B. 

flexible display according to another embodiment of the 50 As shown in FIG . 4A , the bending area B includes a 
present disclosure . substrate 1 coated with polyimide , a first organic layer 2 , a 

FIG . 6 is a schematic view of a protruding portion of a metal wiring layer 3 , and a second organic layer 4. The first 
flexible display according to another embodiment of the organic layer 2 is disposed on the substrate 1 , the metal 
present disclosure . wiring layer 3 is disposed on the first organic layer 2 , and the 

FIG . 7 is a schematic view of a protruding portion of a 55 second organic layer 4 is disposed on the metal wiring layer 
flexible display according to another embodiment of the 3 for protecting the metal wiring layer 3. The metal wiring 
present disclosure . layer 3 includes at least one protruding portion 31 which is 

protrudingly disposed in the second organic layer 2 . 
DETAILED DESCRIPTION OF PREFERRED As shown in FIG . 4B , the schematic structure of the 

EMBODIMENTS 60 display area A of the flexible display 100 is further 
described . The display area A includes a substrate 1 coated 

The following embodiments are referring to the accom- with polyimide , an inorganic layer 5 , a thin - film transistor 
panying drawings for exemplifying specific implementable layer 6 , an electroluminescent layer 7 , and an encapsulation 
embodiments of the present disclosure . Furthermore , direc- layer 8 from bottom to top . 
tional terms described by the present disclosure , such as 65 The first organic layer 2 of the substrate 1 in FIG . 4A is 
" upper ” , " lower ” , “ top ” , " bottom ” , " front ” , “ back ” , “ left ” , generated by steps S20 to S30 of the above - mentioned 
“ right ” , “ inner ” , “ outer ” , “ side ” , “ around ” , “ center ” , “ hori- method of manufacturing flexible display . That is , an inor 
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ganic layer 5 is formed on the substrate 1 ( S20 , FIG . 4B ) , 3. The method of manufacturing the flexible display 
and the inorganic layer in the bending area of the substrate according to claim 1 , wherein the protruding portions are 
1 is etched and is replaced with a first organic layer 2 ( S30 , circular , oval , rectangular , square , or rhombic . 
FIG . 4A ) . 4. The method of manufacturing the flexible display 

In this embodiment , the protruding portion 31 is square . 5 according to claim 1 , wherein the first organic layer is made 
The present disclosure is not limited to this . In other of polyimide . 
embodiments , the protrusions may have various shapes . For 5. The method of manufacturing the flexible display example , the protruding portion 31a as shown in FIG . 5 is according to claim 1 , wherein the second organic layer is circular , and the protruding portion 316 shown in FIG . 6 is made of polyimide . oval . Alternatively , the protrusions have the patterns 10 6. The method of manufacturing the flexible display arranged at different angles , such as the protruding portions according to claim 1 , wherein a thickness of the first organic 31c as shown in FIG . 7 . layer is 1 to 10 um . In summary , in the method of manufacturing flexible 
display and the flexible display manufactured by the method 7. The method of manufacturing the flexible display 
of the present disclosure , the hardness of the bending area is 15 according to claim 1 , wherein a thickness of the second 
decreased by using the organic layer instead of the inorganic organic layer is 1 to 10 um . 
layer , so as to reduce the stress during the bending process . 8. A method of manufacturing a flexible display , com 
Moreover , the second organic layer can protect the metal prising : 
wiring layer . In addition , a portion of the patterned metal providing a substrate , wherein the substrate includes a 
wiring layer protruding from other portions of the patterned 20 display area and a bending area ; 
metal wiring layer increases the contact area with the second forming an inorganic layer on the substrate ; 
organic layer , thereby reducing the risk of metal wiring etching away a part of the inorganic layer in the bending 
peeling and cracking during the bending process . area , and replacing the part of the inorganic layer with 

Although the present application has been disclosed by a first organic layer ; 
way of preferred embodiments , the above preferred embodi- 25 forming a metal wiring layer on the first organic layer ; 
ments are not intended to limit the present disclosure . One patterning the metal wiring layer into a wire , wherein the 
of ordinary skill in the art can make various modifications wire has one or more protruding portions , the protrud and replacements without departing from the spirit and ing portions define a surface of the wire away from the scope of the present disclosure . Thus , the scope of protection substrate , and a surface of the wire close to the sub of the present application is defined by the scope of the 30 strate is a flat surface ; and appended claims . forming a second organic layer covering the wire . What is claimed is : 

1. A method of manufacturing a flexible display , com 9. The method of manufacturing the flexible display 
prising : according to claim 8 , wherein the protruding portions are 

coating a polyimide solution on a glass and curing the 35 protrudingly disposed in the second organic layer . 
polyimide solution to obtain a substrate , wherein the 10. The method of manufacturing the flexible display 
substrate includes a display area and a bending area ; according to claim 8 , wherein the protruding portions are 

forming an inorganic layer on the substrate ; circular , oval , rectangular , square , or rhombic . 
etching away a part of the inorganic layer in the bending 11. The method of manufacturing the flexible display 

area , and replacing the part of the inorganic layer with 40 according to claim 8 , wherein the first organic layer is made 
a first organic layer ; of polyimide . 

forming a metal wiring layer on the first organic layer ; 12. The method of manufacturing the flexible display 
patterning the metal wiring layer into a wire , wherein the according to claim 8 , wherein the second organic layer is 

made of polyimide . wire has one or more protruding portions , the protrud 
ing portions define a surface of the wire away from the 45 13. The method of manufacturing the flexible display 
substrate , and a surface of the wire close to the sub according to claim 8 , wherein a thickness of the first organic 
strate is a flat surface ; and layer is 1 to 10 um . 

forming a second organic layer covering the wire . 14. The method of manufacturing the flexible display 
2. The method of manufacturing the flexible display according to claim 8 , wherein a thickness of the second 

according to claim 1 , wherein the protruding portions are 50 organic layer is 1 to 10 um . 
protrudingly disposed in the second organic layer . 
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